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(54) ROLLING MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the pitching resistant strength of a gear by using steel 
which remarkably enhances the resistance to softening by low-temperature tempering at 300 to 
350° C and by hardening tooth faces by means of carburization hardening, bright hardening and 
induction hardening methods. 

SOLUTION: The steel products regulated to satisfy the relations of the equation 5<4.3xSi(wt%) 
+7.3xAI(wt%)+3JxV(wt%)+1.5xMo(wet%)+1.2xCKwet%)x(0.45^C(wt%)) are subjected to 
carburization treatment so as to be regulated in the carbon concentration on their carburized 
surface layers to 0.6 to 0.9wt% and are subjected to hardening and tempering treatment at < 
300° C following to the carburization treatment or are once cooled after the carburization 
treatment and are then subjected to reheating hardening and tempering treatment at <300° C 
so that the hardness of >58 in HRC can be assured even by the tempering treatment at 300° 
C. 
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2. 5ll%tU, Cr :2. Oli%WTi:fflix.Tfitl,ii:Wi ($4% 

W) o 

[0 0 3 1 ] 

Mn, Ni£Si, A 1 *K^=b-frTA3^IISJK£il3gU WiDifc«A*lfift*«9 5 0 
t&Tifc* J: 9 H/>o 
[0 0 3 2] 

£ fcSfcfc, WJD*ySA*ifiJR£ 8 5 0 - 9 5 0 < ig^i" iSfr&Kfi, ii-^^S C 

M**m (0. 75li%Mn, lH%Cr, 0. 15li%Mo) Ki5 V>Ttt#fife-r 

-t^ >?-f hM<0¥8rtKilfc*3V>-C-fe^ >*-f BOB *V£4?fc < i: 0 . 

til, 

KV = 1 2 . 3, KC r = 6. 4, KMo = 3. 5, KN i = 0 . 22, KS i, Al = 
0 

[0 0 3 3 ] 

'J?*£ < k i>C : 0. 35-0. 6 0fi«%£##-f S fcitK, Si : 1. 0-3. OS 
1:%^ t< »iA 1 : 0. 3 5-1. 5S.M%<D^-ftlfr—J]i) L < li ( S i + A 1 ) :0 

. 5-3. 0 U £*bK> Mn, Ni, Cr, Mo, V, Cu, W, Ti, 

Nb, B, Zr, Ta, Hf, C a<D—U^±<D^ytM k P , S, N, O^WWigift 

5^4. 3 XS i (Mfi%) +7. 3 XA 1 (11%) +3. 1 XV +1.5 
XMo (fifi%) + 1 . 2 XC r (fifi%) X (0. 4 5 + C (lf%) ) 
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0 tftT^fe L#k3£J& U -?-©iB5®^i^3 0 Ot^IILMCioT^HRC 
5 5 U±<vmZl)m&Zti2> £ i CLf:itMi:t^^<OT^So 
[0 0 3 4 ] 

m^mxMm^ 300 tTiii^t§<7)®$^HRc 5 5 w±-c&& t 

0. 3 5fi*%7^1£:5E$*l&o Lt^U 3 0 0 T>J&M 73*H R C 5 3 t & Zffim Ltfc 

^*n:t4* s i <f> l < li a i ^m^mnxm^-r z>m&^ \m^.<D m&frh 2 . 511% 

SifeKttl. 4 7li%A 1 &±<DmUtf'&M t % *) , *<*>&A*lfiJ£* s 9 0 0 
[0 0 3 5 ] 

, 0. 6lI%WTttJii:^4L<, ^tt*0. 4-0. 6Sfi%0$&fflK 
Lfc^KJSIt* S i * b< fiA 1 <Dt$.mmtiKZ&MiEm)m&l. 0li%S i, 0 
. 6lt%A 1 &±K%2> £, t (i^Hft^?tl«>o 
[0 0 3 6 ] 

3 0 0tlIL®^ 5 HRC 5 5)ik±i?$>ZZbi>*X*)ft* L<, ^omiB^^^A ti 
[0 0 3 7 ] 

ft p# *l* Kit -r & £ * u , £ aijg * th <; - j$ # * 3^ *f * *sta#s a a n 

[0 0 3 8 ] 

t, /|?ft<ttc: o. 6 0~i. 5 olt%mn^ii)i:, S i : 1. 0-3. 

0fi«%<b L< t±A 1 :0. 35-1. 5 Jr*%<7>^T *tj&*— ^"t L < (i (S i + A 1 ) 
: 0. 5-3. 0lI%?-ttLv HC, Mn, Ni, Cr, Mo, V, Cu, W, T 

1, Nb, B, Zr, Ta, Hf, C a ct)— fitJ^co^TcIt t P , S, N, O^co^nT 

5<4. 3 XS i +7. 3 XA 1 (11%) +3. 1 XV +1.5 

XMo (fi*%) +1. 2xCr (*fi%) x (0. 4 5 4- C (*fl%) ) 

o < cw.T<7)^L^a$-jfet> zwummtmtfz o otoiiu^ictotHRC 5 

[0 0 3 9 ] 

#£14***1^ i 1 7)^ ^ A 1 ggSgfijg 9 5 0 *CJiJlT<7>*-^7" + -f h > h<oz: 

5eT £ * £ * . ^ A ti^^ £ A * 'Jv- % A ftjfc ij ffl "T £ i h K X o 

[0 0 4 0 ] 
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[0 0 4 1 ] 

AHRC (3 5 0t : 4. 6, 400*0:6. 1. 450*0:9. 2) ?)T% V^S 

iDMfi-e^^T&^^^m^** 0 . 0 5ii%W±tL, i «<7)'MA*ifijg<7>^* 
^9 5 CC k Ltzm&<Dm%)KV%}%z&mmx% 2> O. 4ftft%£±E'ii: Lfco 
[0 0 4 2 ] 

ttz. m o i> £ mummxmM^mm Lmmm± (350*0:2. 4, 4oot: 3 

. 23> 450*0:4. 9) *7F-f<DX. UMittHiSjDf & £ i: ttjff i Lv>**, 
ftfRA^feO. 3 5m*%^±l?g^l)P«t I/:, 
[0 0 4 3 ] 

xm&ti)mih-f2>m-£Kte^ temvm^K&it&ia&zfi&wx, m9&mK&^xn, 
< t i>-b*>?>( h&mmK&fcitL, ^mtzmm-t&c r : 0 . 2-0. 511 

[0 0 4 4 ] 

^^AtLffllH#-ef±^u>MA^=gr^^i: L^^i^^f?. Mn : 0. 3 
~ 1 . 511%, Mo : ~0. 3 511%, B:0. 0005-0. 00 5 fi»%<7)V>-f 

[ 0 0 4 5 ] 

t/zzhKmi os&mxit, mumm<7>A i tit i : o . 3-2. 511%^**?* 
& t k k x 19 , mmwmmtmt^'m-* - 1 £*th0AfiBtK#® 2002-135 
2 7 A^xm^Lxtev, ky)fr\}, 0. 6ii%fcj;j;i. 2ii%Ki^^t2»s; 

B^-efiN i m\wmtf*£ *)Mm&i> <o k -t&tub zvmm* 1 . 5m*%tiTt 

[0 0 4 6] 

rfcli-frfctt* *-^tt^f h^ B a B fl7 , ) s fflA<kL^-t-^p 0 , 1M^i^Jli-^7i^^^ ^<7) 
i^CliT i , Nb, Zr> Ta, H f ^<D®.to%Zl£&mm&fflltytm k&ttfiZTtfS 
MZO. 0 0 5 - 0. 2&m%$iWi*iXm)jn-f2>Zk1)Wt L</>£ kitWhfrX&Zo 
[0 0 4 7 ] 

[0 0 4 8 ] 

Si : 0 . 8-3. 011% 

s i 14 300-35 ovizT<v<&s.ffimL&mmx<7)MmLmtm%&*mMKm®&5z 
z^mml mtmm*. ®tm k Lxa<&&.g.x%tih-r& e gnm&£ ^ 

gfcitZlt, *.*y*4 y<Dtit&*£ *)mS.BtMW\&±\r&Z.kK£vX®.1kZVi}t? 

o 

[0 0 4 9 ] 

( 1 ) MfflmMAlimMM ; 

s i wrmmmn, \m&%m<o^>s \ 03 0 0 tij? L-coftftfifitA h r c # 4 . 

3X$>&Zkk, 0. 6li%K*^f>*^ 3 0 0tiIL^-X®?^HRC4 8 

. 8tis:H^, 3 0 0 vffim^mz h r c 5 3 *m$ktz>tzib<r> s i mmim 1 
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. oIt%T*^,^ zbK, o. i 5**%<E>A i a«*#***^<rcs i «Sin*tt*&o. 

8ii%tUit^?>, 0. 8li%Si«:Si^lTli«SEU^ X^UiL 
[0 0 5 0] 

$tz, S i <^±^iDftfi> Wli&<D&i%S: 0 . 3 5-0. 6li%<^)iltA c 3 tifi 
. 0ii% t Ltztf, Mmi&MXtiMMmmtf b LT<^lTB&Ml»£ 0 . 4fifi%t 
[0 0 5 1 1 

(2) S^MAtLffl®^ ; 

ffiSWft3B*t?)^®fcftj&*jfcL. ^<7>^B^Mfi*0. 6-0. 9ti% 

c 6 0 *mu-r&tzsb<7)s imi)m(D±, TE&fi^wcbfsis, ±&<7)$ \ m%mmrf 

[0 0 5 2] 

zhK. mm^m^<om^KW:RtmL, z<D%mikmmm*o. 9-1. sma 

^ 3 0 OttlT^fitfilLffil^ILT, < H 3 0 0 X>%tM L~C(Dtf&i* H R 
C 6 2 fili^ifttJtftOS i <7)±, TTODii: LTti, f5U±i$<OS i «5jPt£H^ 

[0 0 5 3 ] 

fcfc, BtrlESM^F^gM^-fe^ h**fm?*-f^, SQiftXftfro. 9-1. 5 

MM%\^#>Z>tz?>K, 9 3 0 - 1 1 0 0 X;<7)MUX<DW:)k^<DBi^i£&&Mfr&'&Wft 
ico^^ti. ±CC r 76 3& i: lU^fiM (3-1 5 ^m) > 

i i$=#ntt<?> 1 . 4^Jil±HC r £j^iPL& J: ? K U HCflCli, 5t 
-0. 146XS i (M*%) +0. 0 3XMn - 0. 0 2 4 XNi (S*% 

) + 0. 0 7 5 XCr + 0. 0 4 3 XMo +0. 133XV (S* 

%) *S0 

[0 0 5 4 ] 
[0 0 5 5] 

^^-Cli, A 1t5*S i X (9 ti&S^I LtMM4$:^i6&7ciT*$, S i £ ZmML ( 
AHRC = 7. 3) , A 1 ^^tc^iPi-S^^iPSfiO. 3 5-1. 5fi*%tL 

.si^-^^ro. i5~i. 5fift%oA 1 x-n&&x.Tmm-r&Wi&Kit (S i + A 

1) : 0. 5-3. 0^m%t?&Z\ tZmWLtLfzfiK mm<D£ iKA \ itS \ i> 
$61:51*47x7^ h£5E-fb7G|f-C$> «9 , A c 3fiJt£ S i HJt^T^j 1 . &mx^)m 
ft4ftffl*tt40-C, <Z>«6i«|«£ 1 . 511% (=2. 5tt%/l. 6) £L 

[0 0 5 6 ] 

ifc £ Htlie^JPfi^A 1 t N i : 0 . 3-2. 5 J|fi%£*?F £ « d t i~ £ *) > 

^fta^ttf^ffl^lSm-rii t *feC#l2 002-135274 tT*§LTi ») 
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, 0. 6&*%£J:O r l. 2it%Rf mtSi^v^f^t^ fig 

[0 0 5 7] 

M n {i^^lfe^ffl^-r/ittT^ < , str^<7)J: $ * - * -r ^ h ^^bS -£Stc 

jBcxmmmnzti&tf, mtzR^mwo . 35-0. 6 &mx-it, 
fis%-e^s<> 10 

[0 0 5 8 ] 

v^USttS Lv^<7)t L£ 0 

[0 0 5 9] 

tth LToMAftt* (D I 00 a#^^fflV^^ojS5A*Ltt3. 0 i n c hfeLh* 
C r «StB** J: «9fl£<ilSEU Si, A 1 . Ni, Mo, Vf ©MSI^ilLTD I 20 
[0 0 6 0] 

[0 0 6 1 ] 

Lfcm. No. K 2, 4 »i 8 2 0 3 0 5MjD*M*H*«5A*l L 1 6 0 t"C 3 ^fM^M 
LT, «&fc#Lfco ifc. No. 3 tt£*tilS4&S&£4Egt|jg£ 40kHz ftja&miK 
*fliV>TflSA*Ug<fbU IJI^ioML^i^ttLfco No. 5 1*9 3 013 

T-5^W^)S^1 (Rf*f Vvt^O. 8) Lfcft8 5 0*CK?£*PU 8 5 0tf3 

[0 0 6 2] 

[Si] 





C 


Si 


Mn 


Ni 


Cr 


Mo 




No.1 


0.55 


0.23 


0.71 








S55C 


No.2 


0.77 


0.21 


0.74 










No.3 


0.85 


0.22 


0.81 










No.4 


0.98 


0.27 


0.48 




1.47 




SUJ2 


No.5 


0.19 


0.22 


0.75 




0.97 


0.15 


SCM420H 



[0 0 6 3 ] 

HI 2 (b) i:^$*i4^n-7MtM-t LXlt, No. 4WSU J 2#^ 8 2 0t:T-3 0 

yum*7 0t*)# 3 Oi^yVt'fKflrtL^^ /hn-7$- 1 0 5 0 r p m> A 
n - 7 $-2 9 2 rpmtLT40 ®J±£ 3 7 5 - 2 2 so 
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[0 0 6 4 ] 

> &m t -t & Siikwim $ m k. & »t & k * »t s »)igL&«ro*v> rm^m^n 

SticiLfci^ Z<D^ y?-y r&mtm 2 1 0 k g f /mm 2 tft4£tA»t»)}>ofc 
o £ fc, l^tHOgaott^T^W-r* No. 1 : 1 7 5 k g f /mm 2 > No. 2 : 
2 4 0 kg f /mm 2 , No. 3:260kg f /mm 2 , No. 4:260kg f /m 
m 2 t44£t^ofc e SRJM,«*«PI»i/<5y** f */Wc* < , CKOBKBIi 

tm-£z> i><nx-, yf-yyZk&.m&xikmLtiWi&K it. No. 2^e»;f 

y rtest t wtt> t> & ^ c t *«^^* 0 

[0 0 6 5 ] 

tfc, B5JE2 5 0 kg f /mm 2 "Ctf y > :/£3l£ \^tzimWm<0^ )V y- hffi<DX 

m¥ffi$§,Zm&L?z&^ No. 1 I 3. 6-4. 0° > No. 2:4-4. 2°, No 

. 3:4. 2-4. 4°, No. 4:4. 3-4. 6' > No. 5:4-4. 2° X& o 

[0 0 6 6] 

$hK, mm&Mm*ffiLtzn o. 1 -5^1*^*2 50-35 o < c-c#3b#m^l 

[0 0 6 7 ] 

^2 \tt^mWT'&mLfz&&mf&*7siLti , bV>X$,*) , &MMi*S 1 0 - 8 7 0VX 3 
OfriflHfe&KTlc^U 3 0 0 , 3 5 0 t;t3WIILLfclttfrOO y**i>ME3H 

[0 0 6 8] 
[312] 



TPNo. 


C 


Si 


Al 


Mn 


Ni 


Cr 


Mo 


V 


B 


No.6 


0.45 


1.45 




0.46 




1.49 


0.52 


0.14 


0.0018 


No.7 


0.49 


1.45 




0.46 




1.01 


1.03 


0.15 


0.0019 


No.8 


0.47 


0.31 




0.46 




2.01 


1.03 


0.15 


0.0019 


No.9 


0.49 


0.29 




0.45 




1.5 


1.49 


0.23 


0.0019 


No. 10 


0.36 j 


1.77 




06 




0.62 


0.11 




0.0026 


No. 11 


0.45 


0.95 




0.66 


0.01 


129 


0.5 




0.0029 


No. 12 


0.39 


0.93 




1.02 


0.08 


0.97 


0.95 


0.5 




No. 13 


0.43 


0.26 




0.44 




1.01 


0.48 




0.001 


No.H 


0.47 


0.25 




0.4 




1.01 


1.05 




0.0018 


No. 15 


0.46 


1.5 




0.4 




1 


0.51 




0.002 


No. 16 


0.45 


0.24 




0.4 




1.02 


0.48 


0.31 


0.0011 


No. 17 


0.45 


1.46 




0.39 




0.96 


0.98 




0.001 


No. 18 


0.41 


0.25 




0.35 




1 


0.49 




0.0017 


No. 19 


0.52 


2.3 




0.57 




0.11 








No.20 


0.98 


0.27 




0.48 




1.47 








No.21 


0.55 


0.23 




0.71 












No.22 


0.77 


0.21 




0.74 












No.23 


0.45 


0.21 


1.26 


0.53 




1.51 


0.21 






No.24 


0.6 


0.25 


0.97 


0.93 


0.98 


1.04 


0.35 







0-4) 
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[0 0 6 9 1 

WttLT> 0. 1-1. 0il%^it0. 3-0. 9H%©Mn^ 

2 5 0tJ"Cli HRC = 3 4XvTC +2 6. 5 

3 0 0tTii HRC = 36XvTC +20. 9 
3 5 0tTii HRC = 3 8X^TC (fift%) +15. 3 

[0 0 7 0 ] 

HRCIi, tajx_tf3 0 0*C-C. ^c^Tl2^-e § 2> £ «k rftefro 

AHRC = 4. 3XSi (Mfi%) +7. 3 XA 1 + 1 . 2 XC r 

x (0. 4 5 + C (fi«%) ) + 1 . 5 XM o (Mft%) + 3 . 1 XV 

t©«s***?>^ AiiiSiwi. 7te<o&;KL*Mfc&SLi4*:S&m-r*£ trft>&*) > -iskj 

[0 0 7 1 ] 

124 tc*i > «f|B»*f)Bf*^f>*i SilL®? t*lBIL^«KBIL«Sa)-&S)t14*^5*tT 
</>&o £?)|3^£>. ^7'7^fte7$ J HRC± 1 <7)$&H-CffiJg&<^i|lJ-C§.2>£ t*«*>3&>* 0 
sHJS^J 1 CM4 2 0 (No. 5) «>»*t« (0. 8H%k1) 03 0 0<C$j 

[0 0 7 2 ] 

3 ) mm Lmmm&Kigittzmw^ «t * e ? * > ^sa&o&g 1 

^3 li^^Jfi^J-C«ffl-r*IH$tO^^$-^L^:*(7)-C**o N o. Pi-No. PI 
Oto^tli, 8 5 0 - 9 2 0 , C75^M^AtL7tmi* 1 6 0 ICC 3 UNj^I U«k3®£ ft 
U No. P1K No. P 1 2 fi^jfcfl) 1 i: 1^ CJg^mi)P^#T^^^A*t U/j t 

[0 0 7 3] 
I $13] 





C 


Si 


A! 


Mn 


Ni 


Cr 


Mo 


V 


B 


300°C 
ItgHRC 


No.P1 


0.34 


0.21 


1.47 


1.17 




0.17 


0.1 1 






53.96 


No.P2 


0.39 


1.49 


0.49 


0.51 




0.34 


0.05 






53.91 


No.P3 


0.41 


1.51 




0.72 




0.32 


0.15 






51.09 


No.P4 


0.41 


1.5 




0.71 




0.32 


0.16 


0.3 




51.99 


No.P5 


0.45 


0.18 


1.26 


0.53 




0.5 


0.21 






55.94 


N0.P6 


0.55 


1.51 




0.71 




0.15 


0.16 






54.48 


No.P7 


0.61 


1.21 




0.75 




0.14 








54.34 


N0.P8 


0.62 


0.21 


1.24 


0.53 




0.12 








59.31 


No.P9 


0.45 


1.02 


1.26 


0.49 




0.12 








58.78 


No.PIO 


0.61 


0.25 


1.47 


0.93 


0.98 


1.04 


0.35 






62.27 


No.PII 


0.83 


1.01 


0.31 


0.55 




0.96 




0.38 




62.11 


No.P12 


1.21 


0.2 


0.52 


0.52 


1.01 


0.51 




0.4 




66.62 



[0 0 7 4 ] 
[ 0 0 7 5 ] 

z.tihv>&&frh. a i , s i ojjmbu i>L< im&mMK* ^lt? t>K, no. 
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P3, P4. pi i, p 1 2<Di£mfrhvm\i^£'?r&mm<Dm^v^y ytefetmm 

[0 0 7 6 ] 

[0 0 7 7] 
[0 0 7 8] 

N 2 if*7V-<D* ?yif*KXZ>mQB:)kK£ <0 9 5 0 *C (S^SmMJ^ 0 . 8 

, i. 3m*%c^^i)gjg^K^>i-^ov>T»i 9 o onx3 o frwmm&mxtimm 

[0 0 7 9] 
[H4] 



c 


C 


Si 


Al 


Mn 


Ni 


Cr 


Mo 


V 


B 


300°C 


350°C 
StWHRC 




5$Sr2 


No.5 


0.19 


0.22 




0.75 




0.97 


0.15 






40.52 


37.26 


5.06 


1.22 


No.G1 


0.22 


0.83 




0.72 




0.96 


0.16 






43.95 


40.82 


5.28 


1.35 


No.G2 


0.21 


1.48 




1.18 




0.45 


0.21 


0.41 




46.50 


43.71 


5.84 


1.67 


No.G3 


026 


0.81 


0.37 


1.21 


0.49 


0.52 


0.19 






46.81 


43.18 


7.33 


1.66 


No.G4 


0.26 


0.21 


1.01 


1.09 




1.51 


0.15 


0.37 




52.04 


49.65 


7.78 


1.54 


No.G5 


0.34 


0.21 


1.47 


1.17 




0.17 


0.11 






53.96 


49.79 


6.83 


1.14 


N0.G6 


0.22 


0.24 


0.99 


1.29 


1.01 


1.02 


0.36 






49.09 


45.98 


9.24 


1.40 



[0 0 8 0] 

is 7 temm&fcm* o. 8m&%cm^xmjkffiAti&mLm&*mLfcum> ! r<D 

G3~No. G 6 KmmK&Wtimftbtl&o tfc. No. G 2 k N 0 . G3«)W^ 

s i z&m-mm-t&Wi&Ktemzi . ommt&^K&^xmm^z^&LW-bmmx'Z 

o 

[0 0 8 1 ] 

Jt, B8liNo. 5, No. G2, No. G4(DiS^f^|f ^ 1. 3fi*%K 

y mwrt^-t %> mm. *m-t2>£7KLtzi><D<D^v?-y y&tmm& z ^ t tzt> <d x& %> 

i)K Ilt^JNo. 5 ^m^XWMKmiZfefeco&m-hmtbtiti&o 
[0 0 8 2] 

®8|4No. 5tNo. G 2<DUm&)Km<vmffi.?*m$:7f;Ltz^<DX$>V)^ No. G 2 <D 

iotY^tn-f hmi>$kfflitztix^2>c\ktfmhfrx$><o , z<r> z. k wmMKmrn 
±izifm-f& z k itmhfrx$>2> 0 

tun @ni, f e 3 s i <7>&m&&7cm<7>&w*7F-ftkmmx$>2> 0 
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[02] 02 (a) (b) 14, v-7^v*>ymikmi$.$iftZ7T;1-mx-$,2> 0 

[03] 03I4. ve^^->^aiaF<??^|||«S£jfe**^-?-^77-C*4 0 

[04] 04 ^ML^^^^fliKittlt^YiftcOit^^^-r^^ 7T*|>J, 

[®5] 0 5I4. ^mm^idy^-yif^Bt^-t^^y (1) -e&& 0 

[06] 0 6Ji> ^g^Aft^3S^?->£^1-|a-C&& <) 

[07] 0 7f4, *5&wm<7)^v?-yyte&*7F-f?'7y (2) -C&& 0 

[0 8] 0 8fi. &%mM<D\Sy?-y?'te&*?jiTy7 7 (3) 

[0 9] 09 (a) (b) fi> No. 5, No. G 2 co&:8im<DikmmmL*7f;-f^MX*$> 



[mi] 



[02] 



If* 
I 

O 

K 
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